As all the living forms 0/ life are the lineal descendants oj those which lived long before the Cambrian epoch, we may feel cerlain that the ordinary succession by generation has never once been broken, and that no cataclysm has desolated the whole world. Hence we may look with some confidence to a secure future oj great length .. . to progress towards perfection. CHARLES
In the first flush of enthusiasm produced by the work of Charles Darwin, his achievement was often compared with that of Newton. Just as Principia Mathematica formulated laws which govern the domain of inanimate matter, so, it was said, The Origin of Species formulated laws which govern the domain of life, at least in its historical aspect. Furthermore, just as physical bodies must obey the law of universal gravitation, so living bodies must obey the law of evolution by natural selection. It was an easy step from this view to the belief that the evolutionary process described by Darwin is not just something which happened in the past. The process is also going on in the present, and is destined to continue throughout "a secure future of great length." For most Darwinians in the nineteenth century, biological evolution was literally a work in progress.
Today this optimistic belief is far from being unchallenged. No informed person can doubt that there has occurred on the earth during the past two thousand million years an evolutionary process which has brought about the enormous diversity and complexity of organisms from remote ancestors who were relatively simple and homogeneous in structure, function and type. But some informed persons doubt whether this process is now going on. There are reasons for believing, they argue, that evolution is virtually, if not actually, finished. In the present paper I propose to outline certain of their arguments and make a brief estimate of their cogency. Since man, like all living things, must be subject to the evolutionary forces which produced him, he can scarcely be uninterested in the question whether they are or are not still at work, especially if he surveys his prospects in the universe with a philosophical eye.
I
We may begin by considering a group of arguments based on largescale features of the history of life.
In the course of this history there has occurred an immense multiplication of the different kinds of organisms which inhabit the earth. The classification of these kinds is the special province of taxonomy or systematics, and its scheme of categories is hierarchical in arrangement. At the base of the hierarchy is the category of species, of which approximately one million and a half are recognized today. The palaeontological evidence makes it fairly clear that nothing like this number of species existed when life was in its early stages. Near the top of the hierarchy is the category of phylum. Ouly about twenty phyla can be distinguished within the animal kingdom. Each of them represents a broad and fundamental form of animal organization, such as is exemplified in the protozoans, the annelids, the molluscs, the arthropods, and the vertebrates. Between the phyla and the species other systematic categories (e.g. classes, orders, families, genera, etc.) have their place, and each has been subject to numerical increase as evolution has proceeded. Now it is pointed out that the broadest forms of animal organization, the phyla, have all been in existence for a very long time. No new phylum has appeared for at least four hundred million years. Moreover, by no stretch of scientific imagination can we discern in any type of organism living at present the potentialities which might enable it to give rise to a new phylum in the future. Every type of organism is so specialized in structure and function that it is biologically impossible for changes of the magnitude reqnired to begin, let alone be completed. The conclusion here seems evident. Phyletic evolution not only is finished but was finished hundreds of millions of years ago. We cannot reasonably expect that the future course of life will require the addition of any fresh categories at the top of the taxonomic scale.
What about the categories at the bottom of the scale? Is evolution likely to produce any new species in the foreseeable future? Those who argue for a negative answer to this question often point out that Darwin's theory about the causes of evolution-or at any rate the contemporary reformulation of that theory-forces us to conclude that the phenomenon of specialization is something which tends always to in-crease. For the chief of these causes, natural selection, operates in such a way as either to bring about the extinction of a species or to make it more and minutely adapted to a particular way of life. In the latter case, an organism's potentialities for further change tend to decrease, so that as time goes on it is less and less likely to give rise to a new species. From this point of view, it is contended, "evolution is ... seen as a series of blind alleys. Some are extremely short-those leading to new genera and species that either remain stable or become extinct. Others are longer .... But all in the long run have terminated blindly.'" The situation today is that every species, with the possible exception of man, has advanced so far into its own cul-de-sac as to bring evolution at this level also to a stop.
The above argument is sometimes reinforced by another line of thought. Attention is called to the fact that the way of life characteristic of an organism is determined in part by the environmental niche which it occupies. Each living thing has an "adaptive zone" proper to it, and only in this zone is it able to survive and reproduce. But when one considers the over-all economy of nature, one is driven to the conclusion that all the major adaptive zones are filled. There is no vacancy into which a new form of life could move even if it did evolve. T. H . Huxley is said to have compared the evolutionary process to the filling of a barrel first with apples, then with pebbles which occupy the spaces between the apples, then with sand which packs down between the pebbles, then with water which pervades the spaces between grains of sand, and so on. Eventually a point is reached where the barrel can hold nothing more. This, it is argued, represents the present state of affairs on the earth. All the environmental niches which can support life as we know it are "packed to capacity." Accordingly, the evolutionary process must have ceased and will remain in abeyance until such time as the extinction of some existing form of life leaves room for new forms to arise. Even then the process will not recommence unless the new forms prove to be viable in the vacated zone.
The final argument we shall consider in this group stems from the doctrine powerfully stated by Decugis in his Le Vieillissement du monde vivant. This work undertakes to show that the living world manifests many signs of diminishing vitality due to the onset of old age. Chief among these signs are the numerous stationary species or "living fossils" which have remained in a state of evolutionary stagnation for hundreds of millions of years. Then there are the cases of degenerate species, such as the various types of harmful parasites and disease-producing bacteria, 433 whose virulence seems to have increased during recent millenia. The higher organisms are more and more susceptible to pathological disturbances of cellular and glandular functions, and to perversions or enfeeblement of normal instinctive activities. Even the plant world reveals traces of senescence. These facts, the author argues, oblige us to conclude that we are approaching "Ia fin de l'evolution." Man has entered the evolutionary drama towards the close of the final scene. "L'Homme est venu bien tard dans un monde deja vieux, encombre de formes seniles, stagnantes, ou deperissant lentement. La vieillissement des especes vivantes est beaucoup plus advance qu'on ne Ie croit communement. Aucune ne peut y'echapper."2 Evolution, if not finished, is certainly finishing.
The cumulative effect of these arguments is impressive at first glance. Yet they need to be scrutinized closely. For the subject with which they are concerned is so complex that important aspects of it can easily be overlooked or underestimated. We must therefore review some of these aspects briefly and try to determine how far they affect the cogency of the arguments.
It is widely recognized that evolution is for the most part a gradual process. Basically the process involves the slow transformation of populations of organisms during long stretches of time. Successive generations of the popUlation undergo small changes in their hereditary equipment (genes and chromosomes) and in the observable characteristics (bodily structure and function) controlled by this equipment. As a result the popUlation can maintain itself in an environment which is altering. More than half a million years are required for such changes to bring about the production of a new species. Throughout this period each generation must have a minimal degree of adaptation to the environment, and at the same time the population as a whole must be sufficiently adaptable to meet future environmental alterations. Adaptability, however, depends on potentialities hidden in the hereditary mechanism. For only when these potentialities are actualized (as genetic mutations or recombinations) can organisms develop the characteristics which enable them to cope with an altered environment. Sudden, large changes are at best infrequent occurrences in this process.
Now if we take a short-range view of populations we are likely to emphasize unduly the adaptation of their members to particular environmental niches. In each case the adaptation may be so precise that it is difficult or perhaps impossible to envisage any changes arising in the adaptive pattern. Hence a short-range survey of existing species tempts us to conclude that they have reached the limits of their evolution. This conclusion, however, ignores the possibility that species may be adaptable as well as adapted. Their genetic mechanism or "gene pool" may contain many hidden potentialities for further change. Because adaptability cannot be observed, it must not be forgotten or assumed to be insignificant. From a strictly genetic point of view, complete loss of adaptability can be safely inferred only when a species has become extinct. This is not to say that every type of organism now living possesses potentialities for further evolution. It is simply to say that we are not warranted in concluding that all or most contemporary species lack such potentialities, and hence are in a state of evolutionary stagnation.· This question can be approached from another angle which is not to be neglected. One of the philosophically striking features of evolution has been its extraordinary inventiveness. As Simpson has remarked, it "seems to have tried out almost every conceivable possibility, and never to have followed a simple and uniform pattern.'" Unlike inorganic processes which appear to take place in accordance with the principle of parsimony, evolution appears to take place in accordance with the principle of plentitude. Throughout the history of life it has happened that when a new type of organism emerges, it radiates into a number of adaptive zones, takes on astonishingly varied characters, and gives rise to lines of development which could scarcely have been predicted at the point of its emergence. Suppose a biologist were transported back to the Ordovician period, four hundred million years ago, and deprived of his knowledge of the actual course evolution has taken since then. Would he be able to predict by studying those strange, archaic vertebrates, the Ostracoderms, that from them would arise the bony fishes, from the bony fishes would arise the amphibians, from the amphibians would arise the reptiles, and from the reptiles would arise birds and mammals? It seems highly unlikely. These later forms are at least in part an expression of the inventiveness which has marked the evolutionary process at so many points. By a simple extrapolation we can conclude that if life continues on the earth for another four hundred million years, equally novel and unforeseeable developments will probably occur. "To think otherwise is to imagine that with the coming of man, so insignificant in time, the advance and inventiveness of evolution, steadily carried on through an unimaginable vista of years in which no trace of slackening can be observed, has all but come to an end.'" Only human conceit, not an impartial survey of the evidence, could motivate such a conclusion.
These general considerations, some will say, do little to diminish the force of the contention that in a world where organisms are highly specialized and adaptive zones fully occupied, evolution must have stopped. To this the reply can be made that no one has shown that all or most of the million and a half species now on the earth are "highly specialized" in any precise sense. All of them are certainly specialized in the sense that each species is adapted to its particnlar environmental conditions. But this has been true of organisms at every stage of evolution, and it is perfectly compatible with the gradual production of new species. Increasing specialization no doubt restricts evolutionary possibilities. It does not eliminate them entirely. As for the alleged "packing" of adaptive zones with life, expert opinion is far from unanimous in regarding this to be a fact. Thus Simpson observes: "It seems probable ... that unoccupied major zones now exist. There is, for instance, no true aerial plankton, although I see nothing impossible in the eventual evolution of one. If it did appear, this in turn wonld create other major zones . ... ". Huxley's barrel is not demonstrably fnll; and in any case, it is expansible. The discussion so far seems to permit the following conclusion to be drawn. If we can asume that terrestrial life will endure for some hundreds or even thousands of millions of years, then the evolutionary process is almost certain to continue throughout that period. Hence novel and unpredictable forms of life may be expected to arise as significant environmental changes take place. But to what extent aTe we justified in assuming that life has such a future before it?
Until qnite recently the answer to this question was fairly unanimous. It was agreed that barring some cosmic catastrophe, such as the explosion of the sun or the irruption into the solar system of a giant comet or a wandering star---events whose probability is very small-the earth will continue for an enormous stretch of time to be a suitable abode for life. Physical forces peT se do not present any imminent threat to the evolutionary process. Today this answer requires grave qualification. For it has come to pass that evolution's youngest child has suddenly gained control over one of the most powerful of these forces and may well use it for universally destructive ends.
The situation here is so familiar as to require little elaboration. Man's irresponsible use of nuclear energy may put an end to all terrestrial life and even to the earth itself. The biosphere, that fragile envelope within which organisms exist, may in the near future receive a degree of radioactive contamination to which no living thing can adapt itself. Radioactivity may damage irreparably the genetic material of all living species so that none of their offspring will be viable. Indeed, as the eminent physicist Sir C. G. Darwin recently pointed out, if man ever succeeds in detonating a true hydrogen bomb (the one we have being of the hydrogen isotope, deuterium) "it is extremely probable that such an act would set fire to the whole sea. There would appear a blaze of the brilliance of the sun for something like three weeks or three months, and then it would be over.'" The occurrence of any of these eventualities would ring the curtain down on terrestrial evolution.
Il
Quite often in the past the failure of a species to adapt to the environment has led both to its own extinction and to the extinction of some other species dependent for survival on it. But never before has one species been a threat to all other forms of life, as man is at present. Evolution has produced a being with the power of obliterating both itself and its creator. We may next examine certain arguments designed to show that this power will probably be put to use in the very near future .
There is not much disagreement about man's place in the broad evolutionary picture. Homo sapiens is almost certainly the youngest species of animal now on the earth. His point of origin lies somewhere in the Middle Pleistocene period, about 200,000 years ago. He is the only surviving species of the genus Homo, and his nearest living relatives are the large anthropoid apes. For approximately four-fifths of the time since his emergence, however, the group which he formed was a small, relatively insignificant one. But during the last 50,000 years a process has taken place which is unprecedented in the history of life, namely, the occupation of the entire earth by the human species and the evolution of various sub-groups of the species from a state of savagery to one of civilization. Judged in terms of the geological time-scale the tempo of the human planetary invasion and of cultural evolution has been extremely rapid. The most vivid way of illustrating these events is to represent the stretch of time since the beginning of life on the earth as a period of 12 hours just completed. On this scale Homo sapiens arose within the last 5 seconds; his occupation of the globe occurred during the last second; and civilization began less than a quarter of a second ago. Now it can be argued that two important conclusions follow from the above facts. In the first place, the human species is far from being zoologically mature. The study of fossils has shown that it takes well over half a million years of evolution to make a new species of animal. Since Homo sapiens has existed for much less than that period of time, he is, biologically speaking, still in his infancy or at most in his early adolescence. He does not yet have a fully developed set of human traits. In the second place, man's evolution has been accelerating with such intensity during recent millenia that he is at present a badly adapted creature. Although pre-human evolution did not all take place at the same rate, yet its maximum was immensely slower than the pace set by mankind since the end of the last Ice Age. A gradual evolutionary process tends to ensure good adaptation to the environment on the part of those who survive. But when the process becomes abnormally rapid the character of the adaptation deteriorates. This deterioration is apparent in modem man. He has moved so fast from a Neolithic to a civilized mode of life that he has been unable to achieve a harmonious adjustment to his world.
Man's rapid evolution has not given him time to divest himself of a number of primitive emotions and impulses. These probably played an important part in helping him to survive during the early phase of his history. But they now constitute a serious liability. For emotions such as fear, anger, and hatred, being physiologically conditioned, may reach a state of uncontrollable violence. Under their domination Homo sapiens has outstripped all other animals in the performance of acts of savage cruelty and senseless destruction. When reinforced by cupidity, lust for power, and tribal egotism, these emotions constantly jeopardize humanity's collective existence. They can even overrule the requirements of enlightened self-interest.
Another source of man's biological instability is his fund of surplus energy. This is far in excess of what he needs to establish a settled pattern of life. Indeed, his surplus energy always threatens to disrupt-and has in fact disrupted-every pattern of social adjustment which he has set up, as the history of civilization testifies. Man's restlessness may be connected with the fact that he belongs to a family of animals which has gone in for the intensive development of one organ, the brain. In the initial stages of its evolution, the brain undoubtedly survived the process of selection because it promoted the viability of species possessing it. Yet in later stages it has conferred on its possessors the capacity to invent innumerable new activities. These mayor may not be advantageous. But the trouble is that if they are disadvantageous they can be carried on before natural selection is able to test them. Harmful activities cannot, therefore, be nipped in the bud. Hence it is biologically dangerous for a species to be too vital and inventive. Little wonder that Homo sapiens, with his hyper-active brain, his primitive emotions, and his superabundant elan, is evolution's problem child! The upshot of this line of argument has been well stated by L. L.
Whyte.
As a species Homo sapiens is too young for the adaptive value of his distinguishing characteristics to be regarded as established. He may have survived no longer than other types of Homo which have disappeared, and he may still follow them. The entire history of man may be the expression of a set of unfavourable mutations, which on the short run appeared favourable as they enabled man to achieve mastery over all other species, but have still to demonstrate their lethal character. s It would seem, then, that so immature and labile a being as man can scarcely be counted on to use his newly acquired power over atomic forces wisely. The odds immensely favour his using these forces destructively on a global scale. Since this is likely to occur in the near rather than the remote future, the prospects for the continuance of evolution even to the end of the twentieth century are poor. Thus the evolutionary process is virtually if not actually finished.
How cogent is the reasoning just outlined? Before attempting to appraise it, I shall mention a few points in the reasoning with which I agree. It seems evident that judged by the best biological standards the human species is both young and immature. Man has not been on the earth long enough to have established a pattern of life adequate to his potentialities. Hence many of these potentialities are still unrealized or exercised only sporadically. It can hardly be denied, for example, that present-day man is an extremely imperfect type of rational animal. Moreover, his waywardness, his liability to outbursts of violent emotion, and his unstable social organization do constantly threaten his individual and collective existence. All this, I think, must be granted.
The case is otherwise, however, with regard to the contention that Homo sapiens is a badly adapted creature, already on the road to extinction and likely to take the rest of the world with him. To this contention one can object that it is based on an appraisal of man's adaptation which fails to recognize that his environment is qualitatively different from that of the other animals. These animals adapt themselves to an environment which is predominantly bio-physical. It consists of inorganic and organic matter and of other living things. A non-human species is well adapted to this environment when it fits harmoniously into its particular niche and maintains or increases its numbers. The human environment, on the other hand, while it includes bio-physical elements, is predominantly cultural. It consists of the complex products of man's own activity. These products are of two main sorts: (a) material implements and techniques for the production of food and other supplies, laws governing the ownership of property, the distribution of goods and services, etc.; and (b) beliefs of a religious, ethical, philosophical, or scientific kind about the universe and man's place in it. Such beliefs impart a meaning and serve as a stimulus to the activities of the community. The material components of culture depend at bottom on the human capacity to employ tools or machines. The psychical components depend on the human capacity for conceptual thought which is transntissible through spoken or written languages. The cultural environment forms a whole, appropriately called the "noosphere" to differentiate it from the biosphere upon which it has been superimposed.-And it is in relation to the noosphere, not the biosphere, that the adequacy of man's adaptation should be judged.
To arrive at a proper judgment certain other considerations must be kept in view. By progressively creating the noosphere the human population added a new environmental layer to the earth's surface; and by progressively adapting itself to the new environment, the human population added new characteristics to itself. What this means is that man's evolution, although made possible by the organic evolution which preceded it, is nevertheless different in kind from the latter. With the rise of the hominids a new evolutionary process began on the earth.
This process has been marked by a number of novel features. But three of these are particularly relevant to the present discussion and must be mentioned brieHy.)· (i) During its long pre-human period, the inventiveness of evolution was, as far as we can see, unplanned. At each stage evolution simply utilized the materials that happened to be available, improvising with marvellous ingenuity but without prevision. Since the appearance of man, however, purposive activity and the power to devise and execute plans have become part of the evolutionary process. This power of planning, which can be organized on a collective scale, opens up a new era in the development of terrestrial life. Inventiveness no longer needs to be limited by contingent material or by the absence of prevision. It can be geared to rationally constructed, long-term plans for the realization of human goals. Already the noosphere shows the manifold effects of this new and more efficient type of invention introduced by man. He has thus gained a large measure of control over his envirorunent and an increasing ability to direct his own future evolution.
(ii) Before the arrival of the hominids, evolution had to rely on the genetic mechanism to provide a hereditary link between generations. Despite its effectiveness at the pre-human levels, this mechanism has the disadvantage of operating slowly and wastefully. Most serious of all, it cannot transmit characteristics acquired by individuals of one generation to the individuals of the next. In human evolution a new sort of heredity which is not genetic but cultural has overcome these disadvantages. Thanks to language, man's cumulative experience can be stored, complex ideas and techniques can be transmitted, and the inheritance of acquired characteristics made a reality through education. Thus with the emergence of the noosphere, cultural heredity, which is incomparably more sensitive and efficient than genetic heredity, becomes a paramount factor in the evolutionary process.
(iii) When an animal population persists for a long time, it tends to split up into branching systems of varieties or sub-species. Some of these eventually become new species, anatomically distinct and reproductively isolated from one another. Each pursues its separate way of life. In the case of man this pattern has not been followed. The human population has not split up into a number of zoological species during its evolution. It has remained a single, reproductively homogeneous group. Hence mankind is characterized by a profound biological unity. At the same time, there has occurred a splitting within the noosphere which has generated the diverse forms of culture. One can plausibly argue that the various human cultures are for the noosphere the equivalent and the true successors of zoological species in the biosphere. If so, we can say that a new type of speciation has arisen in the evolutionary process. Moreover, "cultural species" are much better fitted than their predecessors to promote evolution at the human stage. For zoological species as they evolve become increasingly isolated from each other. They inevitably diverge. Human cultures, on the other hand, mutually influence one another, and can converge to the point where they form a more inclusive whole. Their permeability facilitates swift and effective transmission of planned inventions, ideas, and techniques across cultural boundaries. Perhaps most important of all is the fact that the capacity of cultures to coalesce provides a basis for achieving a single world-culture in which man's biological unity can be matched by a spiritual unity, purged of the divisive forces which haunt him at present.
These distinctive features of the human evolutionary process seem to warrant the following inferences. First, the new and more efficient forms of inventiveness, heredity, and speciation have played a far larger part in determining human evolution than have genetic mutations and natural selection. If we judge that evolution eXclusively in terms of genetic or selective factors we are bound to be misled. We will, for instance, conclude that the tempo of human evolution has been abnormally rapid. In fact, the tempo seems to have been wholly appropriate to the new and more efficient agencies at work. Second, mati's abundant energy, so far from being a disruptive force in his evolution, has perfectly complemented his ability to utilize tools and employ conceptual thought and speech in the interests of purposive action. Third, man is not properly described as a badly adapted creature. For the human species has been able to encompass the earth, to increase its numbers at a staggering rate, and to cope with its unique environment, the noosphere. This is surely sufficient to show that man has found his proper niche in nature. The noosphere constitutes his milieu, just as water is the milieu of fish or air the milieu of birds. Fourth, man may, however, be described as an incompletely adapted creature. For he is still creating the noosphere, and still striving to increase his understanding and control both of it and of the bio-physical world. He is thus continuing the process of his own evolution. The waywardness and instability of Homo sapiens are not signs of maladaptation. They are signs that he is still evolving towards his fully human stature.
Those who believe that he has little chance of success in this arduous adventure tend to underestimate one fact. Repeatedly, if sporadically, during his career Homo sapiens has shown that he can learn quickly from experience and can utilize new knowledge constructively to promote his collective welfare. His capacity to do these things is a matter of record. I fail to see why he should be unable to exercise this capacity now that he has command of atomic forces. The evidence from his eVOlutionary past does not, of course, guarantee that man will refrain from exterminating himself, destroying all life, or turning the planet into a star by means of a super-bomb. But the evidence does provide some basis for thinking that in the long run his constructive impulses will prevail over his destructive ones, as they have prevailed at critical points in the past. There may be convincing grounds for pessimism about man's earthly future, but they are not to be found in the record of his evolution.
None of the arguments I have considered, therefore, seem to prove that terrestrial evolution in general or human evolution in particular
